US011043412B2

a2 United States Patent (10) Patent No.: US 11,043,412 B2
Chandolu et al. 45) Date of Patent: Jun. 22, 2021

(54) METHODS OF FORMING 21/76837; HO1L 29/42344: HO1L
MICROELECTRONIC DEVICES, AND 29/42328: HO1L 27/1157; HO1L
RELATED MICROELECTRONIC DEVICES 29/66825; HOIL 27/11578; HO1L 21/762;

AND ELECTRONIC SYSTEMS HO1L 29/7926
USPC e 257/314

(71) Applicant: Micron Technology, Inc., Boise, 1D See application file for complete search history.

(US)
(56) References Cited

(72) Inventors: Anilkumar Chandolu, Boise, ID (US); .
Christopher R. Ritchie, Boise, 1D U.S. PATENT DOCUMENTS

(US); Darwin A. Clampitt, Wilder, ID 10,700,080 B1*  6/2020 HOJO .ovveevvvveon HOLL 27/11575

(US); S M Istiaque Hossain, Boise, 1D 2010/0258852 Al* 10/2010 Lim wovveveeeinin. HO1L 27/11578

(US) 257/324
2011/0291172 Al* 12/2011 Hwang ... HO11. 27/11582

(73) Assignee: Micron Technology, Inc., Boise, ID | 257/314
(US) 2011/0316064 Al* 12/2011 Kim .................... HO1L 29/7926

257/314
2012/0012921 Al*  1/2012 Liu ....cooeeivinnnnnnn, HOIL 27/1157

257/326

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35

U.S.C. 154(b) by 61 days. (Continued)

Primary Examiner — Didarul A Mazumder
(21)  Appl. No.: 16/332,035 (74) Attorney, Agent, or Firm — TraskBritt

(22) Filed: Aug. 5, 2019 (57) ABSTRACT

(65) Prior Publication Data A method of forming a microelectronic device comprises
forming a stack structure comprising vertically alternating

US 2021/0043504 Al Feb. 11, 2021 insulating structures and additional insulating structures
arranged 1n tiers. Each of the tiers individually comprises
one of the insulating structures and one of the additional
insulating structures. A first trench i1s formed to partially
vertically extend through the stack structure. The first trench
H comprises a lirst portion having a first width, and a second
HOIL 27711582 (2017'0; portion at a horizontal boundary of the first portion and
HOIL 27711556 (2017.01 having a second width greater than the first width. A

(52) U.S. CL dielectric structure 1s formed within the first trench. The
CPC .. HOIL 21/76837 (2013.01); HOIL 27/11556 dielectric structure comprises a substantially void-iree sec-
(2013.01); HOIL 27/11582 (2013.01) tion proximate the horizontal boundary of the first portion of

(58) Field of Classification Search the trench. Microelectronic devices and electronic systems
CPC ........ HO1L 27/11582; HO1L 23/53257; HO1L are also described.

2°7/11573; HOIL 27/11556; HO1L 23/528;
HO1L 27/11526; HO1L 23/532; HO1L 11 Claims, 12 Drawing Sheets

(51) Int. CL
HOIL 21/76 (2006.01
HOIL 27/11 (2006.01
HOIL 21/768 (2006.01

L N e

™ - 104
\ 125 // ?’Ma} ¥

W, 120 122 ( 128 |

122 190
3 i, ,f'f k {' £
W ‘ﬂ *». S ., '.*a; A }
CUNTENGEPS h“ ; X 2 136 § 130 1
X

F 'Ir 1'\:_'_

Se RN v P Tl T

b
3
.
L
4
[-

- '.-_!:‘l-r'-.',' .-I.1

N .q."-l. .

\
: '~'f~": |

."-":‘

\

PO

::"I

e
Iy
LA
'1|_.- .
n_..r.
Ay et
I.-I ‘I
-

AN

Ny
B I AR AR Y

ey

oy
AR AR AR AN AN

S

' N “W S ST
W 1/// ‘\ ////égz/ )08
oz N % <
\ ///////f/ﬁ///// N\
, ‘m *x\xh m 23 _

%# &m }
}

1#’“‘“193% 1108
}

//gﬂ N
e M //17///// -
W] 106 R

R 136" //////////////////// -

SN
o

",
b3
v
f
i
e

10

124 —__ .:,

- R e
e 0 A0 9 e 115
- e _ _._ - ..I A I..r - _. ..‘. ‘.
T ' " LT R hl a
W .
RN : S 7 \ J —F08
M L r
- - ."'a.' .‘ f [ - k\"' E
S m\ R"& J-i o
3 - .I.
i it iy P B R A At A A A B e -H-'I-"!: '1-"""-'1'1'1'1"-'-11- iy L A R ]
'r'-'-'!‘r*r'f'-r"'i‘i**‘ﬁ“'i'i'i‘l-*’i-'l"'i"ll"'r'-'-*!‘r‘f*r*t‘f'i‘i‘ir‘l‘i'i‘i'i'!'+'lr"1" *f‘l*f‘f‘f‘f*f‘f*l‘i‘*"*.i‘-"‘1'r‘l‘i‘-"-"'f*f‘f*j‘i‘q-‘.‘q-
[ N l-i-lri-l-l-lﬂ-#lfi-iil‘liilli-l-lrl++ l-l--pq--p-pq.q.qq.q1111.-;'-.-1.-'-.}1-4-1-‘1.1.1.
[ 7 L M g R g o ML l'i"f'f'&*i’i‘i*i‘i"l-"'l-"'1-"'1"l?I'i"i*&‘l'l*i*ﬁ*f*f*i‘i‘ g
r o et x AR R R Ll M e e A e
R ] L L - S R O, "."."‘."‘."‘.“.“‘;“‘.“.“".ﬂ“.‘.“'..'."'_."’.‘."..*. o e K

SNy

PP P AT LA L L Ll LUl
4 FRee
. '.'---'{‘I-. L-.'L":?l:' . 1:..'3_.‘..-‘- '.'-..":l:'_; =y

& e PRI

134 —""

-J__,r‘-l. 1

mx\j&j\*\ﬂ:s.*s;m\xxxxxxxx\xﬁaﬁ.ﬁ;\xxx&xxmx
AR KRR RARRANRAANN
' e
[
Ery
X

ETETETET TS

- ﬁ&;ﬁiaxaixaaﬁis;aaxa&axxxﬁxﬁaq\
& e mx\\\\\\\\\\\\\\\\\\\ﬁ\k\\\\\\\\\\‘:\
{
2

.ty
waly
tnﬂ-"_“_"'“"'h-
[ o}

o,
oy
ook,



US 11,043,412 B2
Page 2

(56)

2012/0135583 Al*

2012/0205722 Al*

2014/0131784 Al*

2014/0191306 Al*

2015/0325589 Al*

2016/0071878 Al*

20
20

|7/0133389
|7/0148808

20

19/0214395

References Cited

U.S. PATENT DOCUM

5/2012

8/2012

iiiiiiiii

5/2014

tttttt

7/2014 Hopkins .

11/2015 Hopkins .

3/2016

5/2017
5/2017
7/2019

Al*
Al*
Al*

Yun

Zhang

ttttt

* cited by examiner

iiiiiiiiiiiiiiiiiiiiii

iiiiiiiiii

iiiiiiiiii

iiiiiiiiii

iiiiiiiiii

tttttttttttttttttt

ttttttttttttttttttttt

tttttttt

iiiiiiiiii

HO1L 21/762

438/433

HO1L 27/11578

257/211

HO1L 29/66825

257/316

HO1L 29/42344

257/315

HO1L 29/42328

438/257

HOIL 27/1157

438/257

HOIL 27/1157
HO1L 27/11582
HO1L 27/11573



US 11,043,412 B2

Sheet 1 of 12

Jun. 22, 2021

U.S. Patent

Vi Did




i Ol

US 11,043,412 B2

e
g0i— \§§§§§§§§
S S S U N R SRS
oo, —

A

Sheet 2 of 12

8oL~V /] §\ \§§~\ §
gob—Poand]  PRECKESERSICEAAE  ERSCRERNEI IR PN

sov—/ 110 VLTI, - g - i

...,..x .‘A

RN u e R
ﬁ _\
{

GO~

Jun. 22, 2021

\ \
PO L gt PO

X _
4 “M

Gi¢

"*4-......{--"“"".‘

U.S. Patent
i



200

S. Patent

+ + 4

+ -4 + + + + + F + +

FE 4+ + + % 01 4
-

+ =+ kb 4

+ +
= o b o+ A

+ + 4o

o kB
a2 F F ¥ ¥ R oA a2 g
roa

+ =
- r = F
i+ &

b
I ho* kA h

B ¥+ A~ F F + o+

4 4+ + -+ + o+ o+ F o+t k+ F o+ ++ Fh+ + N
+
...........--..........l.-...-...-,...+

[l
P+ &+ &~ & = F &+ 4 + = 8 # &+ &+ 4+~ = F + &+ + = 8 45 &+ 4+ ~ 9. 08 + + + =1

P =2 2 E m 2 2 =2 E F§WPSAE LS A AR R

FE 4+ + + = F

+ 4 F & & -0

'I-'I- 1“‘

I N
+ F +

= d b+ E o+ F
= R+ okt F
* ko okt
+ + + F+ + ¥ + + F + 5 +
-F+++l-4.i+'++l‘

+

+ +
. F F R

+

+*

EaE
-

+

+*
A b+ T F
+ + & o bk oA

= *
+ + + + F + b+ 4+
1 F + & + + 1 + 4

l|-|l--|l-|l+l|-r-F

&
4 & & F 4

- e

+
L N B B
r +

rd & w F r
+ d & h + + F F &
LN

+

F +

[ ]
L B
+

T+ ¥

= 1 1 r
+ + + &+ b & + ¥ r d
LI DN B O S B N
d o 4 F+ + & A 4 4 + +
+ + oA 4 + + + d 4 F +

L

£ BN F +
el L L
r oy oa

+ ¥
+*

+*
+ + + 4+ + * +
1-1+++‘

L]
+

+
+
R I L L I S I LR D L L

un. 22, 2021

LN B |

* +
+ b ok kot F kb
+ +

*

+ o+
[
=

+ + ¥ ¥ ¥
LI |

+
* + + & =2
-y T &

L L]
&
++

+ +
o+ + ¥+ & F ¥ +
L N +++

+
Ll Y,
L

L

L
+t

L)
A g W oW omop o E R R RO W W W ON B oW M E

-
an K s
PR T T
+ L

h ] i'l' I i ++
+ + + 4 &k +
+

-
Pl e o+
+ 4 ¢ b b+ + & d A
+ &

+
* 4+ = F ¥+ &
+ + & F + + + + % 1 +

*

= & d b b+ *
L]
+

+ +

+ + 4 4 +

Rt e . N N B

+ F o=kt P+
LR B T

+

+

L ]

Fow b b

*

L}

A T T N 30 K4 DN D g iibegd - Dol Dol b )

'
wd bhwmow b ke b+ ke hh bbbt ek h kLl kAt

+ + bk d b+ + o d A h bk d kA A

+ t

4w F ¢k F v b b ¥+ b rhworr ol bbb
B+ + o A b+ bkt et

I, [ ]
: rt
+
+ + + v I Ff + + + A F F+ F+hh+ LD

++ 1 Ff + + +4 4 ++ + v

4 % & L R p A 4 B R 5 E J O § R

-

-‘-.

T
*

x

t kA A

+*

1 F + + % F F + + + % 1_+
LR N S
r =

= ]
4

+ + + 4 A +
L

L

+ += + ¥+ + + 4
i++l--lii+++l-b-l-i++l-bi

+
A 4+ &+ 1B AR
- * % = &2 g p-= g
a2 P PR ORE RS
Y

T g, oA

+

FoF-h AR
PR )
A& a s m om b

- r

+*

+ + + + + 0 + + + +~ 0 F + + + &~ =+ + + + 4+

+*

Wl
Py
»

F o4

AR

+ d b
+-|-
‘++I-+++ -

Phaly

+

I N - T I A L

Sheet 3 of 12

+
% F+ F + k~F ot
+ + F + +

LI
Lo O N R B

+ + * ~F & + F F FF F F
-+

+ & d b+ +

+

+ & &
+ + &

-,
L] +
-
4+ + + ++ 1 +
L]
-

[
>
i'l-l
LB

o
1

=
l‘.'
r + +
+* L +*
L L
-1""
LI B Ly

+

A
il . Rk ok 4“'
iy +++lq‘++h+ + ! r.'l'-‘_*

+
+ B F F 4 4 B
. S -
P

- Lo T *
+ &+ + ¥ ko h'}’-l-“-
] 4 + + F

%ok T

d %
-

P i T iy
b oF o+ *

”
+ +

+Iii!
¥ [}
L

-
§ hd

.|.|.|.” iy

+
-+

e

$ Soof &
3

+

[
A
Loy k-

il - 'I-F
+° +
' + +

7 L
X

Sost

6
P

"
+ &
l'l-[

LI

L]
Ir.

]

+ +
+ +
- =
T+ "
- + +

;4

o

"
+ &

¥y I+ + ++ 01 F +++F++++ ++1 4+ +++0F DRt AL DA FFE DAYt 1A

i
- L]
T + =

P s m L ow g owom

vk

F o k r d bk bk r how ok F ko dow b
+
u;

L

+

+ =+
*

P A m F § A A A R R
+

F 4+ = FE 5 & § 5 § = F § 4 = = § & 3

F % + = = 8 § 4 4 = = F & 4 § = R F 4 5 = 5 =2 5 4 5 = o5 &

P = 4 & = & 5 4 & = 5 4§ F 4 % = 1

b w w r ru " 2w r r s rrrdsw Flrr

+ + F 4+ + + + + & 1+ F + 0 4+ + + 1A+ +N
m.

B4+ 4 & F F + + +A4F F + + + 1 F + + + A F + F + 1 F 4+ + ++F + + + 1 F + 4+ A4 F 4+ F +1F 4+ + ++d++++>~6F 4+ F A5 F+++1F+ + +
P+ + = = F 4 % % % F

+ 4+ = F F 4+ B F S+ S F F A A YL F A EF R S A A A S A S F RS+ h A A A+

+ + + 1 4 + ¥+ + +4F + F 1 FFFFFA
* +
]
LI -

LI T

W ow o omod oW a e W

A w o r s
E 4+ % % % F

»
+ 4 F & + + 4+ 1 F +
+,

t
+
+
+
+
T
+
+
+
L]

+ d 4 + + ++ b FF At A+ At A DAt AT AT+

4 h Pk A FF o hh kAN hohF kA hh ok Ak rdoh ok

4 + + ++ 01 + + + 4+ d +F + + +++F + + +F+F+ + A+t hA A At
F &+ 4+ = = 2 & 5 &% % % F = 4 % = 3

= w ok r Fmwworr rhwow ok

= w wohor r b b+
L O N B B B N

F o = % & F §F + § = 2 5 5 5 5 F

Wy ow

hw F o om

L

S 11,043,412 B2

FlG, 2



U.S. Patent Jun. 22, 2021 Sheet 4 of 12 US 11,043,412 B2

L

R R R R R R R s R S s
AAIIIAETATRIIAIRIRIRNRRNG

G, 24

‘QQQQQEQQQQQQQQQQQQQQQQQQQQQQQQQQQQQEh
‘QQQQQQ@QQQQQQQQQQQQQQ@QQQQQQ@QQQQQQ@k

104b —
1048
102 —

1@4{



¢ Ol

US 11,043,412 B2

LA J P P A A A PR A ‘ ‘.
AR
XXX hr..r..rﬂ&ﬂ

K XKK5KK
RS
I OOV

ol

-
g0 \§§§§§§§§
g01—E2 S U SR S
01— §§§§§§§§ 2

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

Sheet 5 of 12

904— ? ggg\ %éﬁ%\ é

oA m% LA
901 ——F ggg ggg\ G

/! /) /

@Nw | T4

o

Jun. 22, 2021

FOL y P0L voL

X |
| |
;

Gi¢

U.S. Patent
i



US 11,043,412 B2

+* +
+ + +
L

LB B N N R R B R EBE BB EEBEEBEERBEREBEEIEBIEIBNBIEINEIIEIEDZIEIEZIEZS.M,)

+ +
+* +* + *
" H + + +
+ + + + + + + + + + + + + +F + + F +F + F +F A FFFFAFEFEF A + + + + + + + + + + + + + +F + + F + + F +F + F F FFF A FF A FF A FFAFFAFFAFEFFAFEFFEFEFFEAFEFFEAFEFFEAFEFFEAFEFFEAFEFEFEAFEFFEAFEFEFEAFEFEAFEFEFEFEFT
S ] [
+ +
+ + + + + +
+ + & + +
+ +

+
+
+*
+
+
+
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+
+
+
+*
+
+
+*
+
+
+
+
+
+*
+
+
+
+
+
+*
+
+
+*
+

+ + + *+ + + + + + F F F FFFFFFFEFFFEFFEFEAFEFEFEFEFEFEFEFEEFT + + *+ + + F + + F F F F A+ FFFFEFFFEFFFEFFEFEFEFEFEFEFEFEFEFFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFE T

+ + *+ + + + + + F + + F F FF A+ FFFFFFFEFFFEFFEAFEFFEFEFFEFEFEFEFEFFEFEFFEFEFEFEFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFFEFEFEFEFEFFEFEFFFEFEFEFEFEFEFEFEFFEFEFEFEFEFEFEFEFFEF

+ + + F+ + + F F F FFFFFFFEFFFEFFEFEFEFFEFFFEFEFFEFEFFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEEFEFEFEEFEFEFEFEFEFEEFEFEFEEFEFEFEFEFEFEFEFEFEFEFEFEFEFFEFEFFEFEFEFEFEFFEFEFEFEFEFEFEFE A EFE T

Jun. 22, 2021

300

U.S. Patent

FiG. 3



U.S. Patent Jun. 22, 2021 Sheet 7 of 12 US 11,043,412 B2

n n r
----------
llllllllll
-------
F J_i.l __Ii“ I‘_I'. =

IIIIIII
IIIII

rrrrrr

N — A \\\\\\\\\\\m\\\\\\\\x\\\\\\\\\\\\\\\
y e} \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 8

llllll

........
1 1 3 :. :. :'. : :r a 1 a .: LLLLLLLLLLL
JJJJJJJ
1 3
E F | F | F |
a

| e =2 ot e e "pa T
) [ ] | L
|

. " -
uuuuuuuu

- m e B - . T, T g g g B, T
1 1 e .fl'rr.ﬂn T
> m x
| ] -

E E | b T T T on n
L i B T r s 10 7 L UL

n || pl
lllllllll

IIIIIII
-------------------

!!!!!

IIIIIII

FFFFFFFF
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

ttttt
. iy *
444444

gﬁg M‘*—\-‘_‘w"“ . . EY = \‘\hi'" g}
JJJJJJ
»
% . RV AN SR W
a .I]J..Iud'h_" ttttt
E [ [
E :l [ 4 .- .- .l .’I = l:‘.‘.'.r!..r! -rﬂ.:
LI n i A S I B e AU R B LT S N U I e Tl R
ﬁs,_.._ ' E?
nnnnnn
E - - F
llllllllllllll
Y g 4 L L I.‘l,u",u“ G &
a a i ) ' = = ] x a a ; 7
= = 3 a a ¥ EF = = a a [ 5
a i a Bl c = = u = A a a . Mo g
[ s 5 3 T 4 a
w 9 M4 a9 . < & E s s ' ¥ a ad h5a . R x T A ¥ ] s " . P I T .k
..................................
1 Yo ] a L - k| - I . R . B ]
[ ] . L R 3 LI L A
2 ; n n T
'ﬂll"I
................ oo
[ ! L] L]
L] L] m
iiiiii
.......... @

N ;:;:ifi? \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ —ig
- R HH H HH T T T T T S

s

e
= =

wa\
120 .
124

102 —



US 11,043,412 B2

g8 Old

_.., +H u..., (X _._r +..., (X _._r ...,..., . _...H ﬂ OO _.ﬂ H ...,_.., OC H ...,_.., OO n _...,_.., OOC H H.., OOC H u..., ﬂﬂ n...ﬂ..ﬂ_.ﬂ +..., (X _._r ......., O _......, ﬁ#ﬂﬂ.ﬂﬁﬂﬁ H ..., _.ﬂ H OO _.ﬂ H OO _...H ﬂ J.., OO H i_.., OOC H H.., OOC n H.., OOC H H.., )

W~ 1¢*¢*¢*¢i¢*+**¢ﬁ+*¢¢¢i¢¢*¢*¢++*¢¢¢i¢¢¢¢*+++*¢i * +++ XXRXKX
@N‘Wffi\ ¢+¢+¢+¢¢ﬂ ...r?.., ...,..:.:.., ...,..:.:.., _.:.., Yo +++¢ ?.:......, +¢+¢+¢+¢¢ﬂ 0 0t 00 0% %0 0 %% %%

. I e
. s (EO=TLLITTI
: (o gy T
g 804~ \\\\\\\\\\\\\\\\\\\\\
: 00 { gy B
0144 ] sos——Y/ /) \§
. @:MWS{ aReE
5 80—/ m\\\\\&
o /,@mt.m%mfa SRR
E / A
oz 261

U.S. Patent
i

R o

*ii#**iii*i#i*i#i*ii*ii#*iﬁ#ﬁ i_iif i*iﬁ i*iﬁ 250548 Yo% % &1** ii,*i ii*ii#*ii#*ii#i*i
l:__rl,

++i¢i¢¢¢¢¢ﬁ++++i¢i¢¢¢¢¢*+++¢i¢i
MK 939 ¢..:..,+ ...,...,?.., 00070 %0% %% %" +++¢ +++¢ ++¢¢¢¢++¢+¢ T.:..,

- ?...é
-
SRR I SN
J §§

E % é
Y \\\\\\\\\ § v
g B

SO RS
AR AR

J -

&
£¥3
Hens
e

=

e .\ zep | 02 Nﬁ/
p0L | 924 $04

|

GE &



U.S. Patent Jun. 22, 2021 Sheet 9 of 12 US 11,043,412 B2

| \ ! - . : . * " ] z{ “, q. #. / ) ir. b : : 1/] / ,1:. Y i .“ - .. ‘a'f.:, ': / 4_1: T ? *]}: %u: . - 4 ,:; o - .;;3' ;t:';:- -,;.-ﬁ : 1 ;,.-.:- ‘ .: . ‘g-‘ ‘;:!I . 4 :/:u " "u:-#.": ‘:.'. L] 4 q“.h N
: i L e 1:r. ; ‘.r " r .' .] = ;1 ; .Jl . Ll H' l: * l‘l * ]‘!l : 1 .::' .-‘.'! * H. £ H-ﬂ ?.r 3 1’ -J - .Ji: o - ll:1: l/I -: .’ . ':" u.. £ .l:r: p £ .‘j T 1" .] = lJI e ] u. ] “- .‘ - .l / ——— m
. - : d .- T .I' 'E' 1 L [ 4 . 'f zl’ l‘ ':1‘-. Z- .. .E " ,T V‘ .1. v rl' l', .‘ E x‘ -E .I' E - !1 "! .,l !'I.. H r r.'“ frf r’
N o + -ﬁr: r‘: . ,** o 45 ‘, P, *“t “x‘ 1'_., ”“n.ﬂ{_'!#r!t# ’ “1‘1 ’, rﬂ{,ﬁ:.ﬁ -‘1“5‘ ‘:f‘ﬂp:”r“ !“‘i a:":-‘nﬂ _”u* AL %
- I'H 'r . . ‘u _!u: n _|u _. y : -l. _" ‘1 I -"' r __"' HH o 1‘1: il _" ‘- : . _" _*H o h" _t : * l' .‘1 L _" _"' y - hn ™ :" - .‘ . %
* ti':":- ¢ 1: T . * ]l " . ')*} -h. ¢ . :t'":: . A .1: ;.,fu: " ..;.- . L.'Z{ !.: L I A:"{ . . uﬂ. yﬂ: " * Py ’_r 4 * .1 #;f.-{:- i r.: V:;: ' i
r f n ki F 1 4 f: F H- . r =F ‘:-’ H. W ’l 4 I:l | 1 .u E 3 ' u y """" :l 3 a4 H ] u.. [ L'. o o mﬂ. / J". = .‘l E .‘I rl. E ] .h/ a -l- .‘ F |
y -“. [H l. / .ﬂ' g - | ] h‘ =x ) ] ‘J a ul ‘l: ul . ) Ei . .‘I.- L £ = ‘] | | IJ' n.‘/;. H. = t’.‘ ?" :F y a '-I f 'i.l . i.l. u L' 'Ii .l g .‘ -.I N
- v a2 2 3 L ¥ & E . N :; 'ﬂ.‘:-._t'rr. ﬁ"n" l_a !.I h;" “_.1:.- -r. -:t‘ .!’ \
. : S A ko Sow, y

¥
=
i)
)

LT “r “aa r
"’ . 4 ol o VL I T T

L] “' “'I-‘-.- a - ul

o :%4 |

- 4 H o

l‘

a

L] L]
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
¥ ]

- -
oy
A A
b | +“+
-y
-
L]
N -
"rh" A - . .
"’_ ++ hoanlan +
= n
..L‘f-i E
. [
- .
- ] ;
A R a3 Bt
i3 [H E
a £, ; o
ﬂ"h. r © EE:- ltl'l" ":"F-' "
a " i a B A " - [ |
M r [ L] x
= [ = n .
i, ] L Al | 1 . A
- - - L ]
r n" =" Foo *
U Hi’ ‘l* * n ) L] L] L R I F T T B U B U T S A L T U R R R B -
H:r: n* -_I‘i" L § '.1 a Un W e e Ny T w Fw e T T e e SN e e e YN w o e
n n r ) '] N - - L]
"o F * o n * oy r 5 =
o - L] n
] L] ]
Y " n
" ol . "
y ] .
- ]
a b+ -‘H
+ 3 L
. | B
d
.............................................. &2y
\ e §
L ‘Q‘h-.ﬁ
[
- i
- “’F g
*
-
i-‘_'
L
“'! ]
&
ul Moy
'] HH
ngon
E

‘I-‘ t‘ 1I|==.t -F* i' u- “ -n.-alr . . II-‘ - ||.I|l 11 - - =|=H- n" Ny :' - ol .l" - l- :;‘ u - u‘ A o1 T n !r" -
= » + - ~ n = n > a u u . - [ n - F a ¥ u
N TR | - . * v L n " R " " » k LY A n LT F u
. - - - " " ' ul - " * W ¥ - d - a -
[ ¥ »
W "N w A"
a L a S gt Pom 0w fm T e T e g e Pl Nl |
N O B o R M 4 "
-------------------

P uuuuu

"
;;;;;;;
A Y R AR VS L Sy i AR Sy TN AR S RV LTINS RN Ay NV AN m
nnnnnnnnnnnnnnnn
-
5 » n » . '||- n_" r e T n ¥ n r £ . n g = N n
« FJg. " * oo v Y = Foa " m e T T oom «w T, 00 Fomghh o u T, 0w ¥ o4 - n * * - Y om - Y. = "o
» L L} H ] A # o LY £ ] * L} E - ] #+ L ] o w h ] ] h L}
" . . H - v w * M » " u . * W w " ¥ * "
.-' * L = " a M L LI L L - h— | L '} L W ] L] | - -
n_ Fak i " ul Y alr ul o " - T L " L™
” * ul N [ n r ’ a " ul = = n a n
[ ] - [* ] [*] i+ [ Y N E | [ ] & o [ 7] a [ Y L ] [ 3 [ Y
x n n n ) 4 4 Wl " k » » n r r 4 " x 4
* - n . = 1 & = " £ Y n x 2 . 1- . .
[ ] L ] 3 n 4 [ ] - [ 7] £ 3 L ] = [ ] +* wf [*] [ ] E
o » n F £ ul x » " n n F 4 ul Wl i
[} [* ] ') | ] ] » . x [ ] o =L [ 9 h 3 ] u [ Y -
= a F . o a ] G a2 = n = = a 2 . 3 ¥ = n -
2 a T T T g ety Y . W T "x " a a 7 ol FoaF F e d® & . "

lll
lllllllll

| Hh H h
k) ¥ 2 ' T
- : = 2 n n r 4
r ] [ = ; ] ¥ e F m " 7 7 e x Tfw Uy O zng x_Fa T T ny @
b ; | b 1 x [ L [ b 1 . i | T d E__Fom " [ : b » n f n

o L E = [ ] E . & I [ = = z F I * A H
[ & E = - - = a LY LI c - - A s a 9% a B gu

_____
...........

e T L A2
T ) R AT AR I KX A ST TP S v Pl / 03
AUANAR AR BN RN RNNAN AR NNNN AN AN NNNNY

G N
\

{3

.
22 —
120

134 —"



US 11,043,412 B2

gV Ol

. e,
e
S
S \ 204 L M
s
= QoL M
0k £<

30LE M
y—
gl
~

. POLL

x / M%wi
=
—
p—

U.S. Patent
i

h

++++++++++++++

_l:' ':l:' ,I:l:' ‘f“ ‘:“ ‘:“ ‘:“ .' “.“ .':' .':' ‘:“ ‘:“ ':l:' ,I:l:' ‘f“ ‘:“ ‘:“ . N PN P P
KX HXIICR X R X ITHKII IR IR IR INIHNNN K KKK ..,+¢¢¢¢¢¢++ﬁ¢¢¢+¢+¢+ﬂ+¢++¢* XXX IINIHKRIIXH XA I IHXHIICR K CRHXHKHKIHKIHXHKN

mm‘m. - 1######*##*%¢*¢ﬂ¢iﬂ*¢*¢¢¢¢¢¢+¢#¢¢*#¢¢¢#+ #ﬂi ..., o te %% 0000000000000 P00 000 0000000 00 Y0 0000 20200000 020 2020 %0 %0 %% %% o’ 0070202 % %%
ot ..## _..ﬂﬁ...ruﬁﬂi X ﬂﬂﬂ XS *#n XX *ﬂn ...r < h, ﬂ < IR n&# RX H,_..,_..r RX ﬂ...,# *..r...r_..r 000 *u&#ﬂu*u*uhﬁr *..r## < h, EHIRIIRRIRHRRIIHXRIIRHRHKIRHRIKRKIIRILRIIHRIIRKIHRKIRK

++++++++++++++++

84— ﬁgg
204~ \\\\\\\\\\\\\

28¢S i i **ii*iiiiii*ii**iiiiiii**#i*i#iii#*i**i XX i i**i**ia

*if i*iﬁ i*if **iﬁi&#ﬁiﬁft&iﬁiﬁiﬁ iiii* ii*i ii*ii#*iii**iii*i

++++++++++++++++++++++++++++++

gﬁ K RN
W
gﬁg
\\\\\\\\ \\\\\\\\\
§ W

N/ N
NERZaN\
A

\

§
g

§
SRR

v
AR




US 11,043,412 B2

Sheet 11 of 12

Jun. 22, 2021

U.S. Patent

& D4

LC B N N N O B B NN L B L B N L O DN O L DL O L O D O B D O B D O L D D L D DR L B R O B D N O B O L D D L N O D
* F + o dFFFIFETFFEFTFEEFET Y SFIT SRS S FFET Y S SRS S ST TS ST ST LY A AN ST T F FFFdESF IS ST Y ST ET STt AEFFE SIS S F ST Y S FEFE LS AT Y ESF RS ST S PES T SFAT Y S RS ST LSS TS T TY AT ST+

ool kA F Ak kA FF bk Ak kb P F kA kA F Pk kAT
L + I + F F o F~FFFFEASFFF LTS F T + F # F & F F ¥

[ I B B BN R NS EE N BB EEEBEEBEEBEEEBEESEEENNENRNE.,I

.
- SN gl WY, i ;;;;;;il.
.__nl__.in__.l._.__.l.-n|l1-..|111......11.1._.nll__..n.__._.l-..li._.ll-.nn.._|__.1._.nh_..__.11._.._.11-n|__.11| m m g m g omop w g omom o f pm g m o o omomomopop o
._. =T ... ...._..'.r..._._.._..q._.-._.._..r.'....._.._.._..'.'.._.......'...._....._.-._.r.._....-.._.._..
7 s
-’ i .
L
Tt +._
-t B L W
..
', L]
a
] o] L)
»
» ., - - r - -
, .__.__._. .-._. r £ T AR ]
4 I N Ly RN N A
" T Y .I... - - i‘ +7 "I
- s l# " . * -
L ot ] ] ] ol i S L .,
- o iyl - A . T . ¥
L] ., [ -~ ] - + 9
- » - - - r,
’, .._ ’, 1._._..._
, 4 Al .r...._..-_
!
4 M & L
- .-m... o, -
» i Ly
» ) - AT -
» - -’ ' AT LA S i P LA L R R
» - LK) o3 S I N
» » [
L [ [ 1.
L] 4 .wm__
Fl » T
+ s ]
» L L
. 'y I F
. oty i
. . .l._._.._. RN N RN RN NN N N
__,.n___h__.-.-.._..-.._..-.._.l.._..__.u__. £
- N
» e OfH O
n
",
+ BELr
rj+ [E]
e W
Faf R I A N N A I R N I N A R O R R
’ I 4...;. VL IR L LN O LN I ..r...rn_p__.__:..__ . i, P, ; .*._..#..! # .'#
F] - »H B T S T T T S S i e
- ", -
L) ]
L * - .+
L] L RN RN I NN N NN NN RN NN N RN NN RN NN
- »
4 ,
. TaT " a4 A *
LI syl e ol s, gl e e el . ol R * ) ]
* ._.._..__.-.r.._._.....'.'....._.._..r.'.._.........._..'....
.. » BT e T B I O o e e e T o i o e el e
.o . o N N N e N R A )
-
] . +e .q
- e .
' b ..__..._.
* N I Nl
- ar ar
» o ....-_._.
-’ + .
. ._.._. +
'
L] L]
-..-.-I.-_hr-.:ﬂ- »
.L._. H.._ [
.‘H i* !
. .  hF P AP T A P F P AT APPSR L AP
» ]
-
Fl

* F ¥ QA FFIFEF TSRS SRS YRS S TN G
.
o
+

+
-
+ F
r L N R R I R R N U
. R N i N R N R
L)
r
.~
. e
e )
}f + T - 2]
- T
+ L F AP PP - F P E A PR AT EE P PP PP PR
L N - ¥ R N R I N N N
o Al -5
L) - _n._._.
LN - A
¥ rl 1
g 4
* e
r L]
» —
]
+ 4 »
I r
+ . -,
T L
e - -
t......f_._. Y o
+ "

L
r
*
L)
.
.
T
T
[
L'

LI
LI

L]

v i mor F d s wmrrwd s

-
o
-
-
-
,
Ly
-
-
-
-
,
L}
+

L

+

& 4 4 4 4 F F 5
L I L I T

e L
*

F F F F T FFFEFESTFEF

+ Ff F +F YT+ FF SIS AEFPFSF AT IFPNSFFSFTTEF P AT TSP ST RSSO

-’.‘

~(0e




S. Patent un. 22, 2021 Sheet 12 of 12 S 11.043.412 B2

360

L]
- -
LI} L]
L] -
4 & - 4
-
4 & -
-k -
LI} LI
- -
-
L] -

L N N B B B N B O B B O O O O O B O O I O O O O O B O O B O O B O O B O D I O O B O O O O O B O O O O O B O B B O O B O O B O O B O D B O B N O D N D D B O B N D D B O D N NN B N DN B B DN N B N B B N B B N B N D D B D B BN B )

L L BN B BN BN BN BN B B B DL B DL B B DL D O DR B DN B DN DL D LD N D DD D DD N DD R R L L B B B B B B B BN B B O B DL D O DL DN DL DR BN DL DN B N DU U DR N DR N R

[ NN NN BN BN NN NN NN NN NN NN NN NN NN NN NN NN NN NN N NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN

G 6



US 11,043,412 B2

1

METHODS OF FORMING
MICROELECTRONIC DEVICES, AND

RELATED MICROELECTRONIC DEVICES
AND ELECTRONIC SYSTEMS

TECHNICAL FIELD

The disclosure, 1n various embodiments, relates generally
to the field of microelectronic device design and fabrication.
More specifically, the disclosure relates to methods of form-
ing microelectronic devices, and to related microelectronic
devices and electronic systems.

BACKGROUND

A continuing goal of the microelectronics industry has
been to increase the memory density (e.g., the number of
memory cells per memory die) of memory devices, such as
non-volatile memory devices (e.g., NAND Flash memory
devices). One way of increasing memory density 1 non-
volatile memory devices 1s to utilize vertical memory array
(also referred to as a “three-dimensional (3D) memory
array’’) architectures. A conventional vertical memory array
includes vertical memory strings extending through open-
ings 1 one or more conductive stack structures including
tiers of conductive structures and 1nsulative structures. Each
vertical memory string may include at least one select device
coupled 1n series to a serial combination of vertically-
stacked memory cells. Such a configuration permits a
greater number of switching devices (e.g., transistors) to be
located 1n a unit of die area (1.e., length and width of active
surface consumed) by building the array upwards (e.g.,
vertically) on a die, as compared to structures with conven-
tional planar (e.g., two-dimensional) arrangements of tran-
s1stors.

Vertical memory array architectures generally include
clectrical connections between the conductive structures of
the tiers of the conductive stack structure(s) of the memory
device and access lines (e.g., word lines) so that the memory
cells of the vertical memory array can be uniquely selected
for writing, reading, or erasing operations. One method of
forming such an electrical connection includes forming
so-called “‘staircase” (or “‘stair step”) structures at edges
(e.g., horizontal ends) of the tiers of the conductive stack
structure(s) ol the memory device. The staircase structure
includes individual “steps” defining contact regions of the
conductive structures, upon which conductive contact struc-
tures can be positioned to provide electrical access to the
conductive structures.

Unfortunately, as feature packing densities have increased
and margins for formation errors have decreased, conven-
tional methods of forming memory devices (e.g., NAND
Flash memory devices) have resulted in undesirable current
leaks (e.g., access line to source plate current leaks) and
short circuits that can diminish desired memory device
performance, reliability, and durability. For example, con-
ventional methods of partitioning a preliminary stack struc-
ture including tiers of insulative structures and additional
insulating structures into blocks each including two of more
sub-blocks may result 1n undesirable conductive material
depositions during subsequent processing of the preliminary
stack structure (e.g., so called “replace gate” or “gate last”
processing ol the preliminary stack structure to replace one
or more portions of the additional insulating structures with
conductive structures to form the conductive stack structure
of a memory device) that can effectuate undesirable leakage
currents and short circuits.
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In view of the foregoing, there remains a need for new
methods of forming microelectronic devices (e.g., memory
devices, such as 3D NAND Flash memory devices) allevi-
ating the problems of conventional methods of forming
microelectronic devices, as well as for new microelectronic

device configurations resulting from the new methods, and
new electronic systems including the new microelectronic
device configurations.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A through 4B are simplified partial top-down (1.e.,
FIGS. 1A, 2A, 3A, and 4A) and simplified partial cross-
sectional (1.e., FIGS. 1B, 2B, 3B, and 4B) views illustrating

a method of forming a microelectronic device, 1n accordance
with embodiments of the disclosure.

FIG. § 1s a partial cutaway perspective view of a micro-
electronic device, 1n accordance with an embodiment of the
disclosure.

FIG. 6 1s a schematic block diagram illustrating an
clectronic system, in accordance with embodiments of the
disclosure.

DETAILED DESCRIPTION

The following description provides specific details, such
as material compositions, shapes, and sizes, 1n order to
provide a thorough description of embodiments of the
disclosure. However, a person of ordinary skill in the art
would understand that the embodiments of the disclosure
may be practiced without employing these specific details.
Indeed, the embodiments of the disclosure may be practiced
in conjunction with conventional microelectronic device
fabrication techniques employed 1n the industry. In addition,
the description provided below does not form a complete
process flow for manufacturing a microelectronic device
(e.g., a memory device, such as 3D NAND Flash memory
device). The structures described below do not form a
complete microelectronic device. Only those process acts
and structures necessary to understand the embodiments of
the disclosure are described 1n detail below. Additional acts
to form a complete microelectronic device from the struc-
tures may be performed by conventional fabrication tech-
niques.

Drawings presented herein are for illustrative purposes
only, and are not meant to be actual views of any particular
material, component, structure, device, or system. Variations
from the shapes depicted in the drawings as a result, for
example, of manufacturing techniques and/or tolerances, are
to be expected. Thus, embodiments described herein are not
to be construed as being limited to the particular shapes or
regions as 1illustrated, but include deviations 1n shapes that
result, for example, from manufacturing. For example, a
region 1llustrated or described as box-shaped may have
rough and/or nonlinear features, and a region 1illustrated or
described as round may include some rough and/or linear
teatures. Moreover, sharp angles that are illustrated may be
rounded, and vice versa. Thus, the regions 1llustrated in the
figures are schematic in nature, and their shapes are not
intended to illustrate the precise shape of a region and do not
limit the scope of the present claims. The drawings are not
necessarlly to scale. Additionally, elements common
between figures may retain the same numerical designation.

As used herein, a “memory device” means and includes a
microelectronic device exhibiting, but not limited to,
memory functionality.
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As used herein, the terms *““vertical,” “longitudinal,”
“horizontal,” and “lateral” are 1n reference to a major plane
of a structure and are not necessarily defined by earth’s
gravitational field. A “horizontal” or “lateral” direction 1s a

direction that 1s substantially parallel to the major plane of 5

the structure, while a “vertical” or “longitudinal” direction 1s
a direction that 1s substantially perpendicular to the major
plane of the structure. The major plane of the structure 1s
defined by a surface of the structure having a relatively large
area compared to other surfaces of the structure.

As used herein, vertically-neighboring" or “longitudi-
nally-neighboring” features (e.g., regions, structures,
devices) means and includes features located most vertically
proximate vertically closest) one another. In addition, as
used herein, “horizontally-neighboring™ or “laterally-neigh-
boring” features (e.g., regions, structures, devices) means
and includes features located most horizontally proximate
(e.g., horizontally closest) one another.

As used herein, spatially relative terms, such as
“beneath,” “below,” “lower,” “bottom,” “above,” “upper,”
“top,” “Iront,” “rear,” “left,” “right,” and the like, may be
used for ease of description to describe one element’s or
feature’s relationship to another element(s) or feature(s) as
illustrated 1n the figures. Unless otherwise specified, the
spatially relative terms are intended to encompass different
orientations of the maternials in addition to the orientation
depicted 1n the figures. For example, 11 materials in the
figures are inverted, elements described as “below” or
“beneath” or “under” or “on bottom of” other elements or
teatures would then be oriented “above” or “on top of” the
other elements or features. Thus, the term “below” can
encompass both an orientation of above and below, depend-
ing on the context in which the term 1s used, which will be
evident to one of ordinary skill 1n the art. The materials may
be otherwise oriented (e.g., rotated 90 degrees, mverted,
tlipped) and the spatially relative descriptors used herein
interpreted accordingly.

As used herein, the singular forms “a,” “an,” and “the” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise.

As used herein, “and/or” includes any and all combina-
tions of one or more of the associated listed 1tems.

As used herein, the term “‘configured” refers to a size,
shape, material composition, orientation, and arrangement
of one or more of at least one structure and at least one
apparatus facilitating operation of one or more of the struc-
ture and the apparatus 1n a pre-determined way.

As used herein, the phrase “coupled to” refers to struc-
tures operatively connected with each other, such as elec-
trically connected through a direct ochmic connection or
through an indirect connection (e.g., by way of another
structure).

As used herein, the term “substantially” in reference to a
given parameter, property, or condition means and includes
to a degree that one of ordinary skill in the art would
understand that the given parameter, property, or condition
1s met with a degree of vanance, such as within acceptable
tolerances. By way of example, depending on the particular
parameter, property, or condition that 1s substantially met,
the parameter, property, or condition may be at least 90.0
percent met, at least 95.0 percent met, at least 99.0 percent
met, at least 99.9 percent met, or even 100.0 percent met.

As used herein, “about” or “approximately” in reference
to a numerical value for a particular parameter 1s inclusive
of the numerical value and a degree of variance from the
numerical value that one of ordinary skill 1in the art would
understand 1s within acceptable tolerances for the particular
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4

parameter. For example, “about” or “approximately” in
reference to a numerical value may include additional
numerical values within a range of from 90.0 percent to
108.0 percent of the numerical value, such as within a range
of from 95.0 percent to 105.0 percent of the numerical value,
within a range of from 97.5 percent to 102.5 percent of the
numerical value, within a range of from 99.0 percent to
101.0 percent of the numerical value, within a range of from
99.5 percent to 100.5 percent of the numerical value, or
within a range of from 99.9 percent to 100.1 percent of the
numerical value.

Unless the context indicates otherwise, the materials
described herein may be formed by any suitable process
including, but not limited to, spin coating, blanket coating,
chemical vapor deposition (“CVD?”), atomic layer deposi-
tion (“ALD”), plasma enhanced ALD, physical vapor depo-
sition (“PVD”) (including sputtering, evaporation, 1onized
PVD, and/or plasma-enhanced CVD), or epitaxial growth.
Depending on the specific material to be formed, the tech-
nique for depositing or growing the material may be selected
by a person of ordinary skill 1n the art. In addition, unless the
context 1ndicates otherwise, the removal of matenals
described herein may be accomplished by any suitable
process including, but not limited to, etching (e.g., dry
etching, wet etching, vapor etching), 1on milling, abrasive
planarization, or other known methods.

FIGS. 1A through 4B are simplified partial top-down (1.e.,
FIGS. 1A, 2A, 3A, and 4A) and simplified partial cross-
sectional (1.e., FIGS. 1B, 2B, 3B, and 4B) views illustrating
embodiments of a method of forming a microelectronic
device structure of a microelectronic device (e.g., a memory
device, such as a 3D NAND Flash memory device). With the
description provided below, 1t will be readily apparent to one
of ordinary skill in the art that the methods and structures
described herein may be used in various devices. In other
words, the methods of the disclosure may be used whenever
it 1s desired to form a microelectronic device.

Referring to FIG. 1A, a microelectronic device structure
100 may be formed to include a preliminary stack structure
102, and first trenches 104 (e.g., slots, openings) extending,
into the preliminary stack structure 102. The preliminary
stack structure 102 and the first trenches 104 are described
in further detail below, along with additional components
(e.g., structures, features) ol the microelectronic device
structure 100 at the processing stage depicted 1n FIG. 1A.
FIG. 1B 1s a simplified partial cross-sectional view of the
microelectronic device structure 100 about the line A-A
shown 1n FIG. 1A. For clarity and ease of understanding of
the drawings and related description, not all features
depicted 1n one of FIGS. 1A and 1B are depicted in the other
of FIGS. 1A and 1B.

Referring to FIG. 1B, the preliminary stack structure 102
may be formed to imnclude a vertically alternating (e.g., in the
/-direction) sequence of msulating structures 106 and addi-
tional insulating structures 108 arranged in tiers 110. Each of
the tiers 110 may include one of the insulating structures 106
and one of the additional insulating structures 108 vertically
adjacent the nsulating structure 106. For clarity and ease of
understanding of the drawings and related description, FIG.
1B shows the preliminary stack structure 102 as including
four (4) tiers 110 (e.g., a first tier 110a, a second tier 1105,
a third tier 110c, a fourth tier 110d) of the insulating
structures 106 and the additional insulating structures 108.
However, the preliminary stack structure 102 may include a
different number of tiers 110. For example, 1in additional
embodiments, the preliminary stack structure 102 may
include greater than four (4) tiers 110 (e.g., greater than or
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equal to ten (10) tiers 110, greater than or equal to twenty-
five (25) tiers 110, greater than or equal to fifty (50) tiers 110,
greater than or equal to one hundred (100) tiers 110) of the
insulating structures 106 and the additional msulating struc-
tures 108, or may include less than four (4) tiers 110 (e.g.,
less than or equal to three (3) tiers 110) of the insulating
structures 106 and the additional 1nsulating structures 108.

The msulating structures 106 may be formed of and
include at least one dielectric material, such as one or more
of at least one dielectric oxide material (e.g., one or more of
a silicon oxide (S10,), phosphosilicate glass, borosilicate
glass, borophosphosilicate glass, fluorosilicate glass, an alu-
minum oxide (AlO,), a hatnium oxide (HfO_ ), a niobium
oxide (NbO ), a titanium oxide (T10,), a zirconium oxide
(ZrO,), a tantalum oxide (TaQ,), and a magnesium oxide
(MgO )), at least one dielectric nitride material (e.g., a
silicon nitride (SIN,)), at least one dielectric oxynitride
material (e.g., a silicon oxynitride (S10,N,))), and at least one
dielectric carboxynitride matenal (e.g., a silicon carboxyni-
tride (S10,C_N_)). Formulae including one or more of “x,”
“y,” and “z” herein (e.g., S10_, AlO_, HIO_, NbO_, Ti0O_,
SIN,, S1O, N, S10,C N, ) represent a material that contains
an average ratio of “x” atoms of one element, *“y” atoms of
another element, and “z” atoms of an additional element (if
any) for every one atom of another element (e.g., S1, Al, Hf,
Nb, T1). As the formulae are representative of relative atomic
ratios and not strict chemical structure, the msulating struc-
tures 106 may comprise one or more stoichiometric com-
pounds and/or one or more non-stoichiometric compounds,
and values of “x,” “y,” and “Z” (1f any) may be integers or
may be non-integers. As used herein, the term “non-stoi-
chiometric compound” means and includes a chemical com-
pound with an elemental composition that cannot be repre-
sented by a ratio of well-defined natural numbers and 1s 1n
violation of the law of defimite proportions. Each of the
insulating structures 106 may individually include a sub-
stantially homogeneous distribution or a substantially het-
erogeneous distribution of the at least one dielectric mate-
rial. As used herein, the term “homogeneous distribution”™
means amounts of a material do not vary throughout differ-
ent portions (e.g., diflerent horizontal portions, different
vertical portions) of a structure. Conversely, as used herein,
the term “heterogeneous distribution” means amounts of a
material vary throughout diflerent portions of a structure. In
some embodiments, each of the insulating structures 106
exhibits a substantially homogeneous distribution of dielec-
tric material. In further embodiments, at least one of the
insulating structures 106 exhibits a substantially heteroge-
neous distribution of at least one dielectric material. One or
more of the msulating structures 106 may, for example, be
formed of and include a stack (e.g., laminate) of at least two
different dielectric materials. In some embodiments, each of
the insulating structures 106 1s formed of and includes
silicon dioxide (S10,). The insulating structures 106 may
cach be substantially planar, and may each independently
exhibit any desired thickness. In addition, each of the
insulating structures 106 may be substantially the same (e.g.,
exhibit substantially the same material composition, mate-
rial distribution, size, and shape) as one another, or at least
one of the mnsulating structures 106 may be diflerent (e.g.,
exhibit one or more of a different material composition, a
different material distribution, a different size, and a different
shape) than at least one other of the isulating structures
106. In some embodiments, each of the msulating structures
106 1s substantially the same as each other of the insulating
structures 106.
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The additional insulating structures 108 may each be
formed of and include at least one additional dielectric
material that may be selectively removed relative to the
dielectric material of the insulating structures 106. The
additional dielectric material of the additional insulating
structures 108 may be diflerent than the dielectric material
of the mnsulating structures 106, and may comprise one or
more of at least one dielectric oxide material (e.g., one or
more of Si10,_, phosphosilicate glass, borosilicate glass,
borophosphosilicate glass, fluorosilicate glass, Al1O_, HIO _,
NbO_, T10_, ZrO_, TaO_, and MgQ,), at least one dielectric
nitride material (e.g., SIN, ), at least one dielectric oxynitride
material (e.g., S1O,N_ ), and at least one dielectric carboxyni-
tride material (e.g., S10,C_N,). Each of the additional insu-
lating structures 108 may individually include a substan-
tially homogeneous distribution or a substantially
heterogeneous distribution of the at least one additional
dielectric material. In some embodiments, each of the addi-
tional 1nsulating structures 108 exhibits a substantially
homogeneous distribution of the additional dielectric mate-
rial. In further embodiments, at least one of the additional
insulating structures 108 exhibits a substantially heteroge-
neous distribution of at least one dielectric material. One or
more ol the additional insulating structures 108 may, for
example, be formed of and include a stack (e.g., laminate) of
at least two different additional dielectric materials. In some
embodiments, each of the additional insulating structures
108 1s formed of and includes silicon nitride (S1,N,). The
additional insulating structures 108 may each be substan-
tially planar, and may each independently exhibit any
desired thickness. In addition, each of the additional 1nsu-
lating structures 108 may be substantially the same (e.g.,
exhibit substantially the same material composition, mate-
rial distribution, size, and shape) as one another, or at least
one of the additional insulating structures 108 may be
different (e.g., exhibit one or more of a diflerent material
composition, a different material distribution, a different
s1ze, and a different shape) than at least one other of the
additional 1nsulating structures 108. In some embodiments,
cach of the additional insulating structures 108 1s substan-
tially the same as each other of the additional insulating
structures 108. The additional insulating structures 108 may
serve as sacrificial structures for the subsequent formation of
conductive structures, as described 1n further detail below.

With continued reference to FIG. 1B, the microelectronic
device structure 100 may further include a source tier 112
(e.g., a source level) vertically under (e.g., in the Z-direc-
tion) the preliminary stack structure 102, and at least one
control device 114 vertically under (e.g., in the Z-direction)
the source tier 112. The source tier 112 may be vertically
interposed between (e.g., 1n the Z-direction) the preliminary
stack structure 102 and the control device 114. As shown 1n
FIG. 1B, the source tier 112 may include at least one source
structure 116 (e.g., a source plate; at least one source line,
such as a common source line (CSL)), and at least one other
insulating structure 118 vertically adjacent (e.g., in the
Z-direction) the source structure 116. The other insulating
structure 118 may vertically intervene (e.g., i the Z-direc-
tion) between the source structure 116 and the preliminary
stack structure 102.

The source structure 116 of the source tier 112 may be
formed of and include at least one conductive material, such
as a metal (e.g., tungsten (W), titantum ('11), molybdenum
(Mo), niobium (Nb), vanadium (V), hatnium (HY), tantalum
(Ta), chromium (Cr), zircontum (Zr), 1ron (Fe), ruthenium
(Ru), osmium (Os), cobalt (Co), rhodium (Rh), iridium (Ir),
nickel (N1), palladium (Pa), platinum (Pt), copper (Cu),
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silver (Ag), gold (Au), aluminum (Al)), an alloy (e.g., a
Co-based alloy, an Fe-based alloy, an Ni-based alloy, an Fe-
and Ni-based alloy, a Co- and Ni-based alloy, an Fe- and
Co-based alloy, a Co- and Ni- and Fe-based alloy, an
Al-based alloy, a Cu-based alloy, a magnesium (Mg)-based
alloy, a Ti-based alloy, a steel, a low-carbon steel, a stainless
steel), a conductively-doped semiconductor matenial (e.g.,
conductively-doped polysilicon, conductively-doped ger-
manium (Ge), conductively-doped silicon germanium
(S1Ge)), a conductive metal-containing material (e.g., a
conductive metal nitride, a conductive metal silicide, a
conductive metal carbide, a conductive metal oxide), or
combinations thereol. The source structure 116 may include
a substantially homogeneous distribution of the at least one
conductive maternial, or a substantially heterogeneous distri-
bution of the at least one conductive material. Amounts of
the material may vary stepwise (e.g., change abruptly), or
may vary continuously (e.g., change progressively, such as
linearly, parabolically) throughout different portions of the
structure. In some embodiments, the source structure 116
exhibits a substantially homogeneous distribution of con-
ductive material. In additional embodiments, the source
structure 116 exhibits a substantially heterogeneous distri-
bution of at least one conductive material. The source
structure 116 may, for example, be formed of and include a
stack of at least two different conductive materials.

The other insulating structure 118 of the source tier 112
may be formed of and include at least one other dielectric
material, such as one or more of at least one dielectric oxide
material (e.g., one or more of S10_, phosphosilicate glass,
borosilicate glass, borophosphosilicate glass, fluorosilicate
glass, AlO_, HIO_, NbO_, T10,, ZrO_, TaO,_, and MgQO ), at
least one dielectric mitride material (e.g., SIN,), at least one
dielectric oxynitride material (e.g., S1IO,N,), and at least one
dielectric carboxynitride matenial (e.g., S10,C_ N, ). A mate-
rial composition of the other insulating structure 118 may
substantially the same as a material composition of the
insulating structures 106 or the additional nsulating struc-
tures 108 of the preliminary stack structure 102, or the
material composition of the other msulating structure 118
may be different than the matenal compositions of the
insulating structures 106 and the additional msulating struc-
tures 108. In some embodiments, a material composition of
the other insulating structure 118 1s substantially the same as
a material composition of the isulating structures 106 of the
preliminary stack structure 102. The other msulating struc-
ture 118 may include a substantially homogeneous distribu-
tion or a substantially heterogeneous distribution of the at
least one other dielectric maternial thereof. In some embodi-
ments, the other isulating structure 118 exhibits a substan-
tially homogeneous distribution of the other dielectric mate-
rial. In further embodiments, the other insulating structure
118 exhibits a substantially heterogeneous distribution of at
least one dielectric material. In some embodiments, the other
insulating structure 118 1s formed of and includes S10,.

With continued reference to FIG. 1B, the control device
114 may include devices and circuitry for controlling vari-
ous operations of other components of the microelectronic
device structure 100. By way of non-limiting example, the
control device 114 may include one or more (e.g., each) of
charge pumps (e.g., V.., charge pumps, V..-,, Charge
pumps, DVC2 charge pumps); delay-locked loop (DLL)
circuitry (e.g., ring oscillators); drain supply voltage (Vat')
regulators; devices and circuitry for controlling column
operations for arrays (e.g., arrays of vertical memory strings)
to subsequently be formed within the microelectronic device
structure 100, such as one or more (e.g., each) of decoders
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(e.g., column decoders), sense amplifiers (e.g., equalization
(EQ) amplifiers, 1solation (ISO) amplifiers, NMOS sense

amplifiers (NSAs), PMOS sense amplifiers (PSAs)), repair
circuitry (e.g., column repair circuitry), I/O devices (e.g.,
local I/O devices), memory test devices, array multiplexers
(MUX), and error checking and correction (ECC) devices;
and devices and circuitry for controlling row operations for
arrays (e.g., arrays ol vertical memory strings) within
memory regions of the microelectronic device structure 100,
such as one or more (e.g., each) of decoders (e.g., row
decoders), drivers (e.g., word line (WL) drivers), repair
circuitry (e.g., row repair circuitry), memory test devices,
MUX, ECC devices, and self-refresh/wear leveling devices.
In some embodiments, the control device 114 includes
CMOS (complementary metal-oxide-semiconductor) cir-
cuitry. In such embodiments, the control device 114 may be
characterized as having a “CMOS under Array” (“CuA”)
configuration.

As shown 1n FIG. 1B, the first trenches 104 may partially
(e.g., less than completely) vertically extend (e.g., 1n the
Z-direction) through the preliminary stack structure 102. For
example, as shown in FIG. 1B, each of the first trenches 104
may vertically extend through the uppermost (e.g., vertically
highest) two (2) tiers 110 (e.g., the fourth tier 1104 and the
third tier 110¢), and may terminate at the next tier 110
thereunder (e.g., the second tier 1105). In additional embodi-
ments, one or more (e.g., each) of the first trenches 104
vertically extend to a different depth within the preliminary
stack structure 102. For example, each of the first trenches
104 may only vertically extend through the uppermost tier
110 of the preliminary stack structure 102, or each of the first
trenches 104 vertically extend through the uppermost three
(3) tiers 110 (e.g., the fourth tier 1104, the third tier 110¢, and
the second tier 1105). As described 1n further detail below,
the first trenches 104 may be relatively shallow as compared
to additional slots to be subsequently formed in the prelimi-
nary stack structure 102.

With returned reference to FIG. 1A, each of the first
trenches 104 may include a relatively narrower portion
104a, and a relatively wider portion 1045 disposed at a
horizontal end (e.g., mn the Y-direction) of the relatively
narrower portion 104a. As shown 1n FIG. 1A, the relatively
narrower portion 104a of each of the first trenches 104 may
have a first width W, (e.g., a first horizontal dimension in the
X-direction), and the relatively wider portion 10456 of each
of the first trenches 104 may have a second width W, (e.g.,
a second horizontal dimension in the X-direction) larger
than the first width W, of the relatively narrower portion
104a. The second width W, may, for example, be within a
range of from about 1 percent to about 500 percent (e.g.,
from about 10 percent to about 250 percent, from about 25
percent to about 125 percent, from about 50 percent to about
100 percent) larger than the first width W,. In addition, the
relatively narrower portion 104a of each of the first trenches
104 may exhibit a different shape than the relatively wider
portion 1045 of each of the first trenches 104. For example,
the relatively narrower portion 104a of each first trench 104
may exhibit a rectangular prism shape having a substantially
rectangular horizontal cross-sectional shape, and the rela-
tively wider portion 1045 of each first trench 104 may
exhibit a circular cylinder shape (e.g., a night circular
cylinder shape) having a substantially circular horizontal
cross-sectional shape. In additional embodiments, one or
more of the relatively narrower portion 104a and the rela-
tively wider portion 1045 of one or more (e.g., each) of the
first trenches 104 exhibits a different shape. For example, the
relatively wider portion 1045 of one or more (e.g., each) of
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the first trenches 104 may exhibit a different cylindrical
shape, such as an elliptic cylinder shape having a substan-
tially elliptic cross-sectional shape; or a rectangular prism
shape having a substantially rectangular horizontal cross-
sectional shape. The second width W, and the shape of the
relatively wider portion 1045 of each of the first trenches
104 may be selected to mhibit (e.g., prevent) the formation
of void spaces (e.g., air gaps) 1n portions of dielectric
structures to be formed 1n the first trenches 104, as described
in further detail below. For example, the second width W,
and the shape of the relatively wider portion 1045 of each of
the first trenches 104 may prevent the formation of void
spaces 1n the subsequently-formed dielectric structures at
and horizontally proximate locations corresponding to the
horizontal ends (e.g., horizontal boundaries 1n the Y-direc-
tion) of the relatively narrower portions 104a of the first
trenches 104.

The first trenches 104 may be formed 1n the preliminary
stack structure 102 using conventional material removal
(c.g., masking and etching) processes, which are not
described 1n detail herein. For example, one or more por-
tions of the preliminary stack structure 102 may be subjected
to at least one etching process (e.g., at least one dry etching
process, such as one or more of a reactive 1on etching (ME)
process, a deep ME process, a plasma etching process, a
reactive 1on beam etching process, and a chemically assisted
ion beam etching process; at least one wet etching process,
such as one or more of a hydrofluoric acid etching process,
a buflered hydrofluoric acid etching process, and a builered
oxide etching process) to form the first trenches 104 1n the
preliminary stack structure 102.

Referring next to FIG. 2A, dielectric structures 120 may
be formed within the first trenches 104. The dielectric
structures 120 may at least partially {ill the first trenches 104,
including the relatively narrower portions 104aq and the
relatively wider portions 1045 thereof. FIG. 2B 15 a simpli-
fied partial cross-sectional view of the microelectronic
device structure 100 (about the line A-A) at the processing
stage shown 1n FIG. 2A. For clarity and ease of understand-
ing of the drawings and related description, not all features
depicted 1n one of FIGS. 2A and 2B are depicted in the other
of FIGS. 2A and 2B.

The dielectric structures 120 may be formed of and
include at least one dielectric material, such as one or more
of at least one dielectric oxide material (e.g., one or more of
S10_, phosphosilicate glass, borosilicate glass, borophos-
phosilicate glass, fluorosilicate glass, AlIO_, HIO_, NbO_,
T10_, ZrO_, TaO_, and MgQ, ), at least one dielectric nitride
material (e.g., SIN,), at least one dielectric oxynitride mate-
rial (e.g., S1IO,N,), and at least one dielectric carboxynitride
material (e.g., S1IO,CN, ). A material composition of the
dielectric structures 120 may substantially the same as a
material composition of the insulating structures 106 or the
additional 1nsulating structures 108 of the preliminary stack
structure 102, or the material composition of the dielectric
structures 120 may be different than the material composi-
tions of the insulating structures 106 and the additional
insulating structures 108. In some embodiments, a material
composition of the dielectric structures 120 1s substantially
the same as a material composition of the insulating struc-
tures 106 of the preliminary stack structure 102. The dielec-
tric structures 120 may 1nclude a substantially homogeneous
distribution or a substantially heterogeneous distribution of
the at least one dielectric material thereof. In some embodi-
ments, each of the dielectric structures 120 exhibits a
substantially homogeneous distribution of the dielectric
material thereof. In further embodiments, one or more of the
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dielectric structures 120 exhibits a substantially heteroge-
neous distribution of dielectric material thereof. In some
embodiments, the dielectric structures 120 are formed of and
include S10,,.

As shown 1n FIG. 2A, each of the dielectric structures 120
may include at least one void space 124 (e.g., at least one air
gap) therein positioned at or proximate a horizontal center-
line (e.g., mn the Y-direction) of the relatively narrower
portion 104a of the first trench 104 filled by dielectric
structure 120, and at least one additional void space 126
therein positioned at or proximate a horizontal center (e.g.,
in the X-direction and the Y-direction) of the relatively wider
portion 1045 of the first trench 104 filled by dielectric
structure 120. The void space 124 may linearly extend (e.g.,
substantially continuously linearly extend) along the center-
line of the relatively narrower portion 104q of the first trench
104, and the additional void space 126 may be limited to a
horizontal area at or proximate the center of the relatively
wider portion 1045 of the first trench 104. In addition, each
of the dielectric structures 120 may individually include a
substantially void-free section 122 horizontally interposed
between (e.g., 1n the Y-direction) the void space 124 and the
additional void space 126, and substantially (e.g., com-
pletely) free of void spaces therein. Put another way, within
the horizontally boundaries of the substantially void-free
section 122 of the dielectric structure 120, the dielectric
material of the dielectric structure 120 may substantially
(e.g., completely) fill the first trench 104. Accordingly, the
substantially void-free section 122 of the dielectric structure
120 may physically separate and 1solate the void space 124
and the additional void space 126 from one another. The
cross-sectional shape and horizontal dimensions of the rela-
tively wider portion 1045 of the first trench 104 may
tacilitate the formation of the substantially void-iree section
122 of the dielectric structure 120. As shown in FIG. 2A,
horizontal extent (e.g., 1n the Y-direction) of the void space
124 may terminate at or prior to a horizontal boundary (e.g.,
in the Y-direction) of relatively narrower portion 104q of the
first trench 104. For each of the dielectric structures 120, the
vold space 124 therein may not substantially horizontally
extend into the relatively wider portion 1045 of the first
trench 104 filled by the dielectric structure 120. Preventing
the void space 124 from horizontally extending (e.g., in the
Y-direction) across an entirety of the dielectric structure 120
may impede (e.g., prevent) one or more conductive materials
from undesirably filling the void space 124 during subse-
quent processing of the microelectronic device structure
100, thereby mitigating performance and reliability prob-
lems (e.g., undesirable current leakage and short circuits) for
microelectronic device structures and microelectronic
devices of the disclosure relative to conventional configu-
rations.

The dielectric structures 120 may be formed using con-
ventional processes (e.g., conventional deposition pro-
cesses) and conventional processing equipment, which are
not described in detail herein. For example, the dielectric
structures 120 may be formed within the first trenches 104
using one or more conventional material deposition pro-
cesses (e.g., a conventional CVD process, a conventional
ALD process).

Referring next to FIG. 3A, second trenches 128 (e.g.,
second slots, second openings) and at least one third trench
129 (e.g., at least one third slot, at least one third opening)
may be formed within the preliminary stack structure 102.
The second trenches 128 may extend in a first horizontal
direction (e.g., the Y-direction), and the third trench 129 may
intersect the second trenches 128 and may extend mn a
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second horizontal direction (e.g., the X-direction) orthogo-
nal to the first horizontal direction. The second trenches 128
may horizontally intervene (e.g., in the X-direction) between
horizontally-neighboring dielectric structures 120. For
example, each of the second trenches 128 may individually
horizontally intervene between two (2) of the dielectric
structures 120 horizontally neighboring one another. The
second trenches 128 may horizontally alternate (e.g., 1n the
X-direction) with the relatively narrower portions 104a of
the first trenches 104 partially filled with the dielectric
structures 120. Horizontally-neighboring second trenches
128 may be adjacent (e.g., may flank) opposing sides a
single dielectric structure 120. The third trench 129 may be
integral and continuous with ends (e.g., 1n the Y-direction) of
the second trenches 128, and may extend (e.g., in the
X-direction) from and between the second trenches 128. The
third trench 129 may be horizontally aligned with (e.g., in

the Y-direction) and overlap the relatively wider pcrtlcns

1045 of the first trenches 104 partially filled with the
dielectric structures 120. FIG. 3B 1s a simplified partial
cross-sectional view of the microelectronic device structure
100 (about the line A-A) at the processing stage shown 1n
FIG. 3A. For clanity and ease of understanding of the
drawings and related description, not all features depicted 1n
one of FIGS. 3A and 3B are depicted 1n the other of FIGS.
3A and 3B.

The second trenches 128 may each individually exhibit a
third width W, (e.g., a horizontal dimension in the X-direc-
tion), and the third trench 129 may exhibit a fourth width
W,. The third width W, may be substantially the same as
(c.g., substantially equal to) the fourth width W, or the
width W, may be different that (e.g., not equal to) the fourth
width W . In some embodiments, the third width W, of each
of the second trenches 128 is substantially the same as the
tourth width W of the third trench 129. In addition, the third
width W of each of the second trenches 128 and the fourth
width W, of the third trench 129 may each individually be
less than, equal to, or greater than the second width W, of
cach of the relatively wider portions 10456 of the first
trenches 104. As shown 1n FIG. 3A, 1n some embodiments,
the fourth width W, of the third trench 129 1s less than the
second width W, (e.g., diameter) of each of the relatively
wider portions 1045 of the first trenches 104, such that the
third trench 129 i1s confined in the Y-direction between
horizontal boundaries of the relatively wider portions 1045
of the first trenches 104. In addition, the second trenches 128
and the third trench 129 may each individually exhibit a
horizontally elongate 3D shape, such as rectangular prism
shape having a substantially rectangular cross-sectional
shape.

The second trenches 128 and the third trench 129 may
cach be formed to vertically extend substantially completely
through the preliminary stack structure 102. As shown in
FIG. 3B, the second trenches 128 may vertically extend
(e.g., n the Z-direction) from a vertically uppermost bound-
ary of a vertically uppermost tier 110 (e.g., the fourth tier
110d) of the preliminary stack structure 102 to a vertically
lowermost boundary of a vertically lowermost tier 110 (e.g.,
the first tier 110a) of the preliminary stack structure 102. In
addition, referring again to FIG. 3A, the third trench 129
may vertically extend completely through the portions of the
dielectric structures 120 within the relatively wider portions
104H6 of the first trenches 104 in the preliminary stack
structure 102, as well as through the tiers 110 of the
preliminary stack structure 102 horizontally around and
vertically below the dielectric structures 120.
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As shown 1n FIG. 3A, for each of the dielectric structures
120, the substantially void-free section 122 thereof may be
horizontally interposed between (e.g., in the Y-direction) the
vold space 124 1n the dielectric structure 120 and the third
trench 129. Accordingly, the substantially void-free section
122 of the dielectric structure 120 may physically separate
and 1solate the void space 124 from the third trench 129. Put
another way, the third trench 129 1s horizontally ofiset (e.g.,
in the Y-direction) from the void space 124 in the dielectric
structure 120, such that the third trench 129 are non-
continuous and discrete from one another. Isolating the third
trench 129 from the void space 124 of the dielectric structure
120 by way of the substantially void-free section 122 of the
dielectric structure 120 may, for example, prevent conduc-
tive material from undesirably filling the void space 124
during “replace gate” or “gate last” processing acts to be
subsequently performed on the microelectronic device struc-
ture 100, as described 1n further detail below.

With continued reference to FIG. 3A, the second trenches
128 and the third trench 129 may divide the preliminary
stack structure 102 into an array of blocks 130. The blocks
130 of the array may each extend in substantially the same
horizontal direction (e.g., the Y-direction) as one another,
and neighboring blocks 130 of the array may be horizontally
separated (e.g., 1n the X-direction) from one another by the
second trenches 128. Each of the blocks 130 of the array
may exhibit substantially the same geometric configuration
(e.g., dimensions, shape) as each other of the blocks 130 of
the array. In addition, each pair of laterally-neighboring
blocks 130 of the array may be horizontally separated from
one another by substantially the same distance (e.g., corre-
sponding to the third width W, of each of the second
trenches 128) as each other pair of laterally-neighboring
blocks 130 of the array. Accordingly, the blocks 130 of the
array may be substantially uniformly (e.g., non-variably,
equally, consistently) sized, shaped, and spaced relative to
one another.

Each of the blocks 130 of the array may individually be
sub-divided into two (2) or more sub-blocks 132. As shown
in FI1G. 3A, in some embodiments, each of the blocks 130 of
the array individually includes two (2) sub-blocks 132. For
cach of the blocks 130 of the array, one of the dielectric
structures 120 may horizontally intervene between (e.g., 1n
the X-direction) horizontally-neighboring sub-blocks 132 of
the block 130. Each of the sub-blocks 132 of each of the
blocks 130 of the array may exhibit substantially the same
geometric configuration (e.g., dimensions, shape) as each
other of the sub-blocks 132 of each of the blocks 130 of the
array. In addition, each pair of laterally-neighboring sub-
blocks 132 within each block 130 of the array may be
horizontally separated from one another by substantially the
same distance(s) (e.g., a distance corresponding to the first
width W, of the relatively narrower portion 104a of each of
the first trenches 104) as each other pair of laterally-
neighboring sub-blocks 132 within each other block 130 of
the array. As depicted in FIG. 3A, in some embodiments,
distances between laterally-neighboring sub-blocks 132 of
cach individual block 130 of the array are greater at loca-
tions relatively more horizontally proximate to (e.g., 1in the
Y-direction) the third trench 129 than at other locations
relatively more horizontally distal from (e.g., in the Y-di-
rection) the third trench 129. For example, for each indi-
vidual block 130 of the array, remaining sections (if any) of
the relatively wider portions 10456 of the first trenches 104
(as well as remaining portions (1if any) of the dielectric
structures 120 therein) may increase the separation between
portions of the laterally-neighboring sub-blocks 132 more
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horizontally proximate to the third trenches 129 relative to
other portions of the laterally-neighboring sub-blocks 132
more horizontally distal from the third trenches 129.

The second trenches 128 and the third trench 129 may be
formed using conventional material removal (e.g., masking
and etching) processes, which are not described 1n detail
herein. For example, at least one etching process (e.g., at
least one dry etching process, such as one or more of a RIE
process, a deep RIE process, a plasma etching process, a
reactive 1on beam etching process, and a chemically assisted
ion beam etching process; at least one wet etching process,
such as one or more of a hydrofluoric acid etching process,
a buflered hydrofluoric acid etching process, and a builered
oxide etching process) may be employed to form the second
trenches 128 and the third trench 129.

Referring next to FIG. 4A, the microelectronic device
structure 100 at the processing stage depicted in FIGS. 3A
and 3B may be subjected to a “replace gate” or “gate last”
process to convert the preliminary stack structure 102
(FIGS. 3A and 3B) into a conductive stack structure 134, and
then the second trenches 128 and the third trench 129 may
be at least partially (e.g., substantially) filled with at least
one additional dielectric structure 140. FIG. 4B 1s a simpli-
fied partial cross-sectional view of the microelectronic
device structure 100 (about the line A-A) at the processing
stage shown 1n FIG. 4A. For clarity and ease of understand-

ing of the drawings and related description, not all features
depicted 1n one of FIGS. 4A and 4B are depicted in the other
of FIGS. 4A and 4B.

Referring to FIG. 4B, the replace gate process may
include selectively removing one or more portions of the
additional insulating structures 108 (FIG. 3B) of the tiers
110 (FIG. 3B) of the preliminary stack structure 102 (FIG.
3B) exposed by the second trenches 128 and the third trench
129, and then filling spaces previously occupied by the
additional insulating structures 108 with at least one con-
ductive material to form conductive structures 138. During
the formation of the conductive structures 138, the substan-
tially void-free sections 122 of the dielectric structures 120
impedes (e.g., prevents) the conductive material from filling
the void spaces 124 1n the dielectric structures 120, such
mitigate the risk of undesirable current leakage and short
circuits during use and operation of a microelectronic device
(e.g., a memory device, such as a 3D NAND Flash memory
device) including the microelectronic device structure 100.
As shown 1n FIG. 4B, the conductive stack structure 134
may be formed to include a vertically alternating (e.g., in the
Z-direction) sequence of the msulating structures 106 and
the conductive structures 138 arranged 1n conductive tiers
136. A quantity of the conductive tiers 136 1n the conductive
stack structure 134 may correspond to (e.g., be the same as)
the quantity of the tiers 110 (FIG. 3B) included in the
preliminary stack structure 102 (FIG. 3B). Each of the
conductive tiers 136 of the conductive stack structure 134
may include an insulating structure 106 and a conductive
structure 138 vertically adjacent the insulating structure 106.

With returned reference to FIG. 4B, the conductive struc-
tures 138 may be formed of and include at least one
conductive material, such as one or more of a metal (e.g., W,
T1, Mo, Nb, V, Hf, Ta, Cr, Zr, Fe, Ru, Os, Co, Rh, Ir, Ni, Pa,
Pt, Cu, Ag, Au, Al), an alloy (e.g., a Co-based alloy, an
Fe-based alloy, an Ni-based alloy, an Fe- and Ni-based alloy,
a Co- and Ni-based alloy, an Fe- and Co-based alloy, a Co-
and Ni- and Fe-based alloy, an Al-based alloy, a Cu-based
alloy, a Mg-based alloy, a Ti-based alloy, a steel, a low-
carbon steel, a stainless steel), a conductive metal-contain-
ing material (e.g., a conductive metal nitride, a conductive
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metal silicide, a conductive metal carbide, a conductive
metal oxide), a conductively-doped semiconductor material
(e.g., conductively-doped Si, conductively-doped Ge, con-
ductively-doped Si1Ge). In some embodiments, the conduc-
tive structures 138 are formed of and include W. Each of the
conductive structures 138 may individually include a sub-
stantially homogeneous distribution of the at least one
conductive material, or a substantially heterogeneous distri-
bution of the at least one conductive material. In some
embodiments, each of the conductive structures 138 exhibits
a substantially homogeneous distribution of conductive
material. In additional embodiments, at least one of the
conductive structures 138 exhibits a substantially heteroge-
neous distribution of at least one conductive material.

The conductive structures 138 of one or more vertically
upper conductive tiers of the conductive stack structure 134
may be employed as select gate structures (e.g., drain side
select gate (SGD) structures) for the blocks 130 of the array.
In addition, the conductive structures 138 of one or more
vertically lower conductive tiers of the conductive stack
structure 134 may be employed as additional select gate
structures (e.g., source side select gate (SGS) structures) for
the blocks 130 of the array. The conductive structures 138 of
one or more remaining conductive tiers 136 of the conduc-
tive stack structure 134 may be employed as access line
(e.g., word line) structures (e.g., access line plates, word line
plates) for the blocks 130 of the array.

The additional insulating structures 108 (FIG. 3B) of the
tiers 110 (FIG. 3B) of the preliminary stack structure 102
(FIG. 3B) may be selectively removed by subjecting the
preliminary stack structure 102 to at least one etching
process (e.g., an 1sotropic etching process) employing an
ctch chemistry 1n which the additional dielectric material of
the additional insulating structures 108 (FIG. 3B) 1s selec-
tively removed relative to the dielectric material of the
insulating structures 106. By way of non-limiting example,
if the insulating structures 106 are formed of and include
510, and the additional 1nsulating structures 108 are formed
of and include S1;N,, the preliminary stack structure 102
may be exposed to an etchant comprising phosphoric acid
(H,PO,) to selectively remove one or more portions of the
additional insulating structures 108 adjacent side surfaces
the blocks 130 of the array exposed by the second trenches
128 and the third trench 129. Therealter, the conductive
material may be formed (e.g., delivered, deposited) within
vold spaces resulting from the selective removal of the
additional dielectric material of the additional insulating

structures 108 (FI1G. 3B) to form the conductive structures
138.

With returned reference to FIG. 4A, the additional dielec-
tric structure 140 may include first portions 140a at least
partially (e.g., substantially) filling the second trenches 128,
and at least one second portion 1405 at least partially (e.g.,
substantially) filling the third trench 129. The first portions
140a of the additional dielectric structure 140 may extend 1n
a first horizontal direction (e.g., the Y-direction), and the
second portion 1405 of the additional dielectric structure
140 may intersect the first portions 140aq of the additional
dielectric structure 140 and may extend 1n a second hori-
zontal direction (e.g., the X-direction) orthogonal to the first
horizontal direction. The first portions 140qa of the additional
dielectric structure 140 may horizontally intervene (e.g., 1n
the X-direction) between horizontally-neighboring dielec-
tric structures 120. The first portions 140a of the additional
dielectric structure 140 may horizontally alternate (e.g., 1n
the X-direction) with the relatively narrower portions 104a
of the first trenches 104 partially filled with the dielectric
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structures 120. The second portion 1405 of the additional
dielectric structure 140 may be integral and continuous with
ends (e.g., 1n the Y-direction) of the first portions 140q of the
additional dielectric structure 140, and may extend (e.g., 1n
the X-direction) from and between the first portions 140a of
the additional dielectric structure 140. The second portion
1406 of the additional dielectric structure 140 may be
horizontally aligned with (e.g., in the Y-direction) and
overlap the relatively wider portions 1045 of the first
trenches 104 filled with the dielectric structures 120.

The additional dielectric structure 140 may be formed of
and include at least one dielectric material, such as one or
more of at least one dielectric oxide material (e.g., one or
more of S10_, phosphosilicate glass, borosilicate glass,
borophosphosilicate glass, fluorosilicate glass, A1O_, HIO
NbO_, TiO_, ZrO_, TaO_, and MgQO ), at least one dielectric
nitride material (e.g., SiIN, ), at least one dielectric oxynitride
material (e.g., SIO,N, ), and at least one dielectric carboxyni-
tride matenal (e.g., S10,C_N,). A material composition of
the additional dielectric structure 140 may substantially the
same as a material composition ol one or more of the
dielectric structures 120 and the insulating structures 106 of
the conductive stack structure 134, or the material compo-
sition of the additional dielectric structure 140 may be
different than the material compositions of the dielectric
structures 120 and the insulating structures 106 of the
conductive stack structure 134. In some embodiments, a
material composition of the additional dielectric structure
140 1s substantially the same as a material composition of
the dielectric structures 120 and a material composition of
the 1nsulating structures 106 of the conductive stack struc-
ture 134. The additional dielectric structure 140 may include

a substantially homogeneous distribution or a substantially
heterogeneous distribution of the at least one dielectric
material thereof. In some embodiments, additional dielectric
structure 140 exhibits a substantially homogeneous distri-
bution of the dielectric material thereof. In further embodi-
ments, the additional dielectric structure 140 exhibits a
substantially heterogeneous distribution of dielectric mate-
rial thereol. In some embodiments, the additional dielectric
structure 140 1s formed of and includes S10,.

The additional dielectric structure 140 may be formed
using conventional processes (e.g., conventional deposition
processes) and conventional processing equipment, which
are not described in detail herein. For example, the addi-
tional dielectric structure 140 may be formed within the
second trenches 128 and the third trench 129 using one or
more conventional material deposition processes (e.g., a
conventional CVD process, a conventional ALD process).

Thus, 1n accordance with embodiments of the disclosure,
a method of forming a microelectronic device comprises
forming a stack structure comprising vertically alternating
insulating structures and additional nsulating structures
arranged 1n tiers. Each of the tiers individually comprises
one of the imnsulating structures and one of the additional
insulating structures. A first trench 1s formed to partially
vertically extend through the stack structure. The first trench
comprises a first portion having a first width, and a second
portion at a horizontal boundary of the first portion and
having a second width greater than the first width. A
dielectric structure 1s formed within the first trench. The
dielectric structure comprises a substantially void-free sec-
tion proximate the horizontal boundary of the first portion of
the trench.

Microelectronic device structures (e.g., the microelec-
tronic device structure 100 previously described with refer-
ence to FIGS. 4A and 4B) in accordance with embodiments
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of the disclosure may be included in embodiments of
microelectronic devices of the disclosure. For example, FIG.
5 illustrates a partial cutaway perspective view of a portion
ol a microelectronic device 200 (e.g., a memory device, such
as a 3D NAND Flash memory device), 1n accordance with
embodiments of the disclosure.

As shown i FIG. 5, the microelectronic device 200
includes the microelectronic device structure 100 (including
the various components thereot) previously described with
reference to FIGS. 4A and 4B. The microelectronic device
200 further includes staircase structures 202 at horizontal
ends (e.g., 1n the Y-direction) of the conductive stack struc-
ture 134. Each of the blocks 130 of the conductive stack
structure 134 may individually include a staircase structure
202 having steps 204 at least partially defined by horizontal
ends (e.g., edges) of the conductive tiers 136. The steps 204
of the staircase structures 202 may serve as contact regions
to electrically couple the conductive structures 138 of the
conductive tiers 136 to one or more other structures of the
microelectronic device 200.

The microelectronic device 200 may also include access
line contacts 206 (¢.g., vertical word line contact structures)
and select gate contacts 208 physically and electrically
contacting the steps 204 of the staircase structures 202 to
provide electrical access to the conductive structures 138 of
the conductive tiers 136 of the conductive stack structure
134. The access line contacts 206 and the select gate contacts
208 may each individually be formed of and include at least
one conductive material, such as one or more of a metal
(e.g., W, T1, Mo, Nb, V, Ht, Ta, Cr, Zr, Fe, Ru, Os, Co, Rh,
Ir, N1, Pa, Pt, Cu, Ag, Au, Al), an alloy (e.g., a Co-based
alloy, an Fe-based alloy, an Ni-based alloy, an Fe- and
Ni-based alloy, a Co- and Ni-based alloy, an Fe- and
Co-based alloy, a Co- and Ni- and Fe-based alloy, an
Al-based alloy, a Cu-based alloy, a Mg-based alloy, a
Ti1-based alloy, a steel, a low-carbon steel, a stainless steel),
a conductive metal-containing material (e.g., a conductive
metal nitride, a conductive metal silicide, a conductive metal
carbide, a conductive metal oxide), a conductively-doped
semiconductor material (e.g., conductively-doped Si1, con-
ductively-doped Ge, conductively-doped SiGe).

In addition, the microelectronic device 200 may include
access lines 210 (e.g., word lines), select lines 212, and digit
lines 234 (e.g., data lines, bit lines). The access lines 210
may electrically couple some of the conductive structures
138 (e.g., conductive structures 138 employed as access line
plates) and the control device 114. The select lines 212 may
clectrically couple other of the conductive structures 138
(e.g., conductive structures 138 employed as select gate
structures, such as SGD structures and SGS structures) and
the control device 114. The digit lines 234 may overly the
conductive stack structure 134, and may be electrically
coupled to the control device 114. The access lines 210, the
select lines 212, and the digit lines 234 may each individu-
ally be formed of and include at least one conductive
material, such as one or more of a metal (e.g., W, T1, Mo, Nb,
V, Hi, Ta, Cr, Zr, Fe, Ru, Os, Co, Rh, Ir, N1, Pa, Pt, Cu, Ag,
Au, Al), an alloy (e.g., a Co-based alloy, an Fe-based alloy,
an Ni-based alloy, an Fe- and Ni-based alloy, a Co- and
Ni-based alloy, an Fe- and Co-based alloy, a Co- and Ni- and
Fe-based alloy, an Al-based alloy, a Cu-based alloy, a
Mg-based alloy, a Ti-based alloy, a steel, a low-carbon steel,
a stainless steel), a conductive metal-containing material
(e.g., a conductive metal mitride, a conductive metal silicide,
a conductive metal carbide, a conductive metal oxide), a
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conductively-doped semiconductor material (e.g., conduc-
tively-doped Si, conductively-doped Ge, conductively-
doped Si1Ge).

As shown 1 FIG. §, the microelectronic device 200 may
turther include strings 214 of memory cells 216 vertically
coupled to each other 1n series. The strings 214 of memory
cells 216 may vertically extend through the conductive stack
structure 134. Each of the strings 214 of memory cells 216
may include a vertically-extending pillar structure including,
semiconductive pillar (e.g., a polysilicon pillar, a silicon-
germanium pillar) at least partially surrounded by one or
more charge storage structures (e.g., a charge trapping
structure, such as a charge trapping structure comprising an
oxide-nitride-oxide (“ONQO”) material; floating gate struc-
tures). Intersections of the vertically-extending pillar struc-
ture and the conductive structures 138 of the conductive tiers
136 of the conductive stack structure 134 may define the
memory cells 216 of the string 214. In some embodiments,
the memory cells 216 comprise so-called “MONOS” (metal-
oxide-nitride-oxide-semiconductor) memory cells. In addi-
tional embodiments, the memory cells 216 comprise so-
called “TANOS” (tantalum nitride-aluminum oxide-nitride-
oxide-semiconductor) memory cells, or so-called
“BETANOS” (band/barrier engineered TANOS) memory
cells, each of which are subsets of MONOS memory cells.
In further embodiments, the memory cells 216 comprise
so-called “floating gate” memory cells including floating
gates (e.g., metallic floating gates) as charge storage struc-
tures. The floating gates may horizontally intervene between
central structures of the vertically-extending pillar structures
and the conductive structures 138 of the different conductive
tiers 136 of the conductive stack structure 134. The strings
214 of memory cells 216 may be electrically coupled to and
may vertically extend between the digit lines 234 and the
source structure 116. As shown 1n FIG. 5, the control device
114 may vertically underlie (e.g., in the Z-direction) and
may be at least partially positioned within horizontal bound-
aries of a region of the conductive stack structure 134
containing the strings 214 of memory cells 216.

Thus, 1n accordance with embodiments of the disclosure,
a microelectronic device comprises a stack structure com-
prising vertically alternating insulating structures and con-
ductive structures arranged in tiers, each of the tiers indi-
vidually comprising one of the insulating structures and one
of the conductive structures; first filled trenches partially
vertically extending through the stack structure and hori-
zontally extending in a first direction; second filled trenches
substantially vertically extending through the stack structure
and horizontally alternating with the first filled trenches in a
second direction orthogonal to the first direction; a third
filled trench substantially vertically extending through the
stack structure and horizontally extending in the second
direction, the third filled trench intersecting the first filled
trenches and the second filled trenches; at least one dielectric
structure within the second filled trenches and the third filled
trenches; and additional dielectric structures within the first
filled trenches, each of the additional dielectric structures
individually comprising a substantially void-free section
directly horizontally adjacent portions of the at least one
dielectric structure within the third filled trenches.

Microelectronic devices (e.g., the microelectronic device
200 shown 1 FIG. 5) including microelectronic device
structures (e.g., the microelectronic device structure 100
shown 1n FIGS. 4A and 4B) 1n accordance with embodi-
ments of the disclosure may be used in embodiments of
clectronic systems of the disclosure. For example, FIG. 6 1s
a block diagram of an illustrative electronic system 300
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according to embodiments of disclosure. The electronic
system 300 may comprise, for example, a computer or
computer hardware component, a server or other networking
hardware component, a cellular telephone, a digital camera,
a personal digital assistant (PDA), portable media (e.g.,
music) player, a Wi-F1 or cellular-enabled tablet such as, for
example, an 1Pad® or SURFACE® tablet, an electronic
book, a navigation device, etc. The electronic system 300
includes at least one memory device 302. The memory
device 302 may comprise, for example, an embodiment of a
microelectronic device (e.g., the microelectronic device 200
shown 1n FIG. §) previously described herein. The electronic
system 300 may further include at least one electronic signal
processor device 304 (often referred to as a “microproces-
sor’’). The electronic signal processor device 304 may,
optionally, include an embodiment of a microelectronic
device (e.g., the microelectronic device 200 shown 1n FIG.
5) previously described herein. While the memory device
302 and the electronic signal processor device 304 are
depicted as two (2) separate devices 1n FIG. 6, 1n additional
embodiments, a single (e.g., only one) memory/processor
device having the functionalities of the memory device 302
and the electronic signal processor device 304 1s included 1n
the electronic system 300. In such embodiments, the
memory/processor device may mclude an embodiment of a
microelectronic device structure (e.g., the microelectronic
device structure 100 shown 1 FIGS. 4A and 4B) previously
described herein, and/or an embodiment of a microelec-
tronic device (e.g., the microelectronic device 200 shown in
FIG. §) previously described herein. The electronic system
300 may further include one or more mput devices 306 for
inputting information into the electronic system 300 by a
user, such as, for example, a mouse or other pointing device,
a keyboard, a touchpad, a button, or a control panel. The
clectronic system 300 may further include one or more
output devices 308 for outputting information (e.g., visual or
audio output) to a user such as, for example, a monitor, a
display, a printer, an audio output jack, a speaker, etc. In
some embodiments, the mput device 306 and the output
device 308 may comprise a single touchscreen device that
can be used both to input information to the electronic
system 300 and to output visual information to a user. The
input device 306 and the output device 308 may communi-
cate electrically with one or more of the memory device 302
and the electronic signal processor device 304.

Thus, 1n accordance with embodiments of the disclosure,
an electronic system comprises an mput device, an output
device, a processor device operably coupled to the mput
device and the output device, and a memory device operably
coupled to the processor device. The memory device com-
prises at least one microelectronic device structure compris-
ing a stack structure comprising tiers each comprising an
clectrically conductive structure and a dielectric structure
vertically neighboring the electrically conductive structure;
at least one filled trench partially extending through the
stack structure; at least two additional filled trenches sub-
stantially extending through the stack structure and adjacent
(e.g., flanking) opposing sides of the at least one filled
trench; at least one other filled trench substantially vertically

extending through the stack structure and intersecting the at
least one filled trench and the at least two additional filled

trenches; at least one dielectric structure within the at least
two additional filled trenches and the at least one other filled
trench; and at least one additional dielectric structure within
the at least one filled trench and comprising a substantially
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voild-free section horizontally adjacent portions of the at
least one dielectric structure within the at least one other
filled trench.

The methods and structures of the disclosure may sub-
stantially alleviate problems related to the formation and
processing of conventional microelectronic device struc-
tures including conductive stack structures. The structures
(e.g., the microelectronic device structure 100), devices
(e.g., the microelectronic device 200), and systems (e.g., the
clectronic system 300) of the disclosure advantageously
facilitate one or more of improved performance, reliability,
and durability, lower costs, increased minmiaturization of
components, improved pattern quality, and greater packag-
ing density as compared to conventional structures, conven-
tional devices, and conventional systems. By way of non-
limiting example, the methods and structural configurations
(e.g., the configuration of the microelectronic device struc-
ture 100 previously described with reference to FIGS. 4A
and 4B) may reduce the risk of undesirable source-WL
current leakage and short circuits as compared to conven-
tional methods and configurations.

While the disclosure 1s susceptible to various modifica-
tions and alternative forms, specific embodiments have been
shown by way of example 1n the drawings and have been
described 1n detail herein. However, the disclosure 1s not
limited to the particular forms disclosed. Rather, the disclo-
sure 1s to cover all modifications, equivalents, and alterna-
tives falling within the scope of the following appended
claims and their legal equivalents.

What 1s claimed 1s:

1. A microelectronic device, comprising;

a stack structure comprising vertically alternating insu-
lating structures and conductive structures arranged 1n
tiers, each of the tiers individually comprising one of
the insulating structures and one of the conductive
structures;

first filled trenches partially vertically extending through
the stack structure and horizontally extending in a first
direction;

second filled trenches substantially vertically extending
through the stack structure and horizontally alternating
with the first filled trenches 1n a second direction
orthogonal to the first direction;

a third filled trench substantially vertically extending
through the stack structure and horizontally extending
in the second direction, the third filled trench intersect-
ing the first filled trenches and the second filled
trenches:

at least one dielectric structure within the second filled
trenches and the third filled trenches; and

additional dielectric structures withuin the first filled
trenches, each of the additional dielectric structures
individually comprising a substantially void-free sec-
tion directly horizontally adjacent portions of the at
least one dielectric structure within the third filled
trenches.

2. The microelectronic device of claim 1, wherein each of

the first filled trenches comprises:

a first portion substantially linearly extending in the first
direction and having a first width 1n the second direc-
tion; and

a second portion at a horizontal boundary of the first
portion 1n the first direction and exhibiting a second
width 1n the second direction greater than the first
width, the third filled trench intersecting the second
portion of each of the first filled trenches.
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3. The microelectronic device of claim 2, wherein at least
one of the additional dielectric structures within at least one
of the first filled trenches further comprises an additional
section horizontally adjacent the substantially void-iree sec-
tion thereof and comprising at least one void space therein
extending 1n the first direction across the first portion of the
at least one of the first filled trenches.

4. The microelectronic device of claim 1, further com-
prising:

staircase structures having steps comprising horizontal

ends of the tiers of the stack structure:

conductive contacts on at least some of the steps of the

staircase structures:

conductive lines electrically coupled to the conductive

contacts;

additional conductive lines overlying the stack structure;

a source structure underlying the stack structure;

strings of memory cells vertically extending through the

stack structure and electrically coupled to the additional

conductive lines and the source structure; and

a control device electrically coupled to the conductive

lines, the additional conductive lines, and the source

structure.

5. The microelectronic device of claim 4, wherein the
control device comprises CMOS circuitry and 1s at least
partially positioned within horizontal boundaries of and
vertically below a region of the stack structure containing
the strings of memory cells.

6. The microelectronic device of claim 1, wherein the
second filled trenches horizontally intervene between blocks
of the stack structure.

7. The microelectronic device of claim 6, wherein the first
filled trenches horizontally intervene between sub-blocks of
the blocks of the stack structure.

8. The microelectronic device of claim 6, wherein each of
the first filled trenches individually horizontally intervenes
between horizontally-neighboring select gates of one of the
blocks of the stack structure.

9. The microelectronic device of claim 6, wherein the
third filled trench 1s adjacent horizontal ends of the blocks of
the stack structure.

10. An electronic system, comprising:

an input device;

an output device;

a processor device operably coupled to the mput device

and the output device; and

a memory device operably coupled to the processor

device and comprising at least one microelectronic

device structure comprising:

a stack structure comprising tiers each comprising an
clectrically conductive structure and a dielectric
structure vertically neighboring the electrically con-
ductive structure;

at least one filled trench partially extending through the
stack structure;

at least two additional filled trenches substantially
extending through the stack structure and adjacent
opposing sides of the at least one filled trench;

at least one other filled trench substantially vertically
extending through the stack structure and intersect-
ing the at least one filled trench and the at least two

additional filled trenches;
at least one dielectric structure within the at least two
additional filled trenches and the at least one other
filled trench:; and
least one additional dielectric structure within the at
least one filled trench and comprising a substantially

at
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void-iree section horizontally adjacent portions of
the at least one dielectric structure within the at least
one other filled trench.
11. The electronic system of claim 10, wherein the
memory device comprises a 3D NAND Flash memory 5
device.
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DATED  June 22, 2021

INVENTOR(S) : Anilkumar Chandolu et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Specification

Column 3, Line 11, change “herein, vertically-neighboring™ to
--herein, “vertically-neighboring”--
Column 3, Line 14, change “vertically” to --(e.g., vertically--
Column 7, Line 63, change “(Vat')” to -~-(Vad)--
Column 9, Line 24, change “(ME)” to --(RIE)--
Column 9, Line 25, change “ME” to --RIE--
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Under Secretary of Commerce for Intellectual Property and
Director of the United States Patent and Trademark Office



	Front Page
	Drawings
	Specification
	Claims
	Corrections/Annotated Pages

